During the experimental research, an algorithm was developed as a guide for the introduction of solar panels (PV) in centralized heat supply (CHS) companies and a SWOT analysis of the developed algorithm action blocks was performed. SWOT analysis was carried out for a project implemented in practise and, as a result of which the centralized heat supply system uses solar power with a total capacity of 30 kW. We found that in Latvia, the areas that are suitable for solar panels are several times higher than those required by the systems.
INTRODUCTION
The theme of the research is linked to one of the main objectives of the European Union, which is to reduce the greenhouse effect (reduce emissions responsible for global warming) and increase use of renewable resources. Europe is constantly striving to achieve this goalin the year 2016 around 90 % of all new capacity connected to Europe's electricity grid came directly from renewable energy sources, but at the same time most of the European elect ricity grid is still working on fossil fuels [1] .
Theoretically, there is a belief that the potential of solar energy is large enough to meet the global energy demand. It is inexhaustible, ecologically clean and does not create additional waste in nature. Solar energy technologies and the related industry are developing globally thanks to high demand for energy, limitations of fossil resources and expensive price for alternatives.
Although the energy sector in Latvia is well developed and renewable energy is mostly used for electricity generation in comparison with the use of biomass and hydroelectric power stations (HES), unfortunately the use of solar energy and its panel syste ms is still lagging behind. The Central Statistical Bureau of Latvia does not show solar energy in the total energy consumption of the country, as it is less than 0.1 %, but the potential for this sector in Latvia is great, for example, countries like Germany and Denmark, where climatic conditions and Statistics include all renewable energy resources (see Fig. 1 ) and a slow increase was observed. This is due to insufficient state support. When analysing the statistics, there are clearly years of support whereby EU funds have been allocated for the introduction of renewable energy resources and the replacement of fossil resources with renewables.
SOLAR ENERGY POTENTIAL
Solar energy is derived from the sun and is one of the foundations of life on earth. The solar energy absorbed by the earth every hour is greater than the total energy consumption on the ground during the year. Currently, the world's solar energy makes up only 0.1 % of the total energy production. The use of solar energy in the world has the grea test theoretical potential. The radiation received by the Earth's surface is thousands of times the world's energy demand. Solar energy is an inexhaustible source of energy that continuously radiates to the earth in daylight. Solar energy is a very safe source of energy from the investment point of view, because it is not predicted to disappear in the foreseeable future and this type of energy will become the main source of energy due to its potential and benefits.
It is important that solar cells or solar collectors have practically no maintenance and service costs. Solar energy can be used in a passive or active way. The passive use of solar energy is, for example, the use of daylight in buildings. Use of solar heat directlythrough windows and/or by choosing building facade materials that effectively accumulate the heat received. Passive solar energy is usually utilized through various design and architectural solutions. In contrast, active technologies use solar energy to accumulate or transform it. Active technologies are divided into two groupsphotovoltaic (PV) for electricity generation and thermal technology for thermal energy production [4] . 35 Solar panel technologies available on the Latvian market are determined by cell typemonocrystalline, polycrystalline and thin films. Monocrystalline and polycrystalline panels are capable of converting up to 20 % of solar radiation into electricity, but they have high production costs because the operation of these panels requires high quality silicon with a perfect crystalline structure [6] , which is the main reason for replacing these panels. Thin film panels are comparatively cheaper due to cost and efficiency of production . To obtain 1 kW of electricity under standard conditions (25 ºC, 1000 W/m 2 ), such panels should be cover 10-15 m 2 of a roof's territory, while crystalline silicon panels under these conditions need to cover approximately 7-8 m 2 of a roof [6] , [7] . Both of these panels are now guaranteed a lifetime of 25 to 30 years, and maintenance costs are minimal. Due to the low efficie ncy of thin film panels and the high price of monocrystalline panels, polycrystalline solar panels dominate the Latvian and world markets.
NET SETTLEMENT PRINCIPLE
Solar panel systems in Latvia operate on the Net Settlement principles (see Fig. 3 ). The energy produced by the panels comes first into the inverter, where galvanic current is converted to alternating current (AC). Subsequently, the alternating current enters the power distributor, where the necessary energy is passed to the consumer, while the remaining energy enters the meter which it transfers into the Distribution Network. The principle of net settlement is that the amount of energy entered into the network can be recovered when the need ar ises for a special tariff price [8] . The first alternative, if the electricity consumption exceeds the solar panel production, it is possible to purchase electricity from the public network at a standard price. The second alternative, if the electricity consumption exceeds the production of solar panels, it is possible to use it in the production of heat for heating the heat carrier. 
DEVELOPMENT OF SOLAR PANEL SYSTEMS IN LATVIA
The average solar gain in Latvia is 1000-1200 kWh/m 2 [9] (see Fig. 2 ), which is very similar to countries like Germany and Denmark, which are the world's leading users of solar panel systems, for example, Germany in 2015 generated 16 % or 39.6 GW of the total installed solar power in the world [6] , so the climatic conditions of Latvia are not an obstacle to the use of its solar potential. There is a relatively large bureaucracy in Latvia for coordinating solar panel installation with the related state institutions, which could prevent people from using them. In order to successfully install a solar panel system in a household, the consumer must coordinate this process with the Ministry of Economics, the building board and the Distribution Network (JSC "Sadales Tikls"). On average, this installation process may take up to three months in Latvia [9] . Another factor in which the use of solar panels in Latvia is lagging behind is the high starting capital costs. Depending on the capacity and accumulation method of the solar panel system, the average starting cost of 15 households that were included in the research in Latvia, was EUR 5 000 [1] , and it is considered that the investment is beneficial if it pays within 5 years, which did not work in any of these Latvian households under the given conditions. This can be based on the fact that people in Latvia do not yet have the most efficient solar panel technology available, on average these efficiency ratios show 16.92 % for panels in Latvia, and the panels themselves in Latvia can cost even twice as much as in other European countries due to low demand [1] . However, the most important reason why this energy sector has not yet fully developed in Latvia (which also plays a major role in Germany and Denmark's use of solar panels) is the lack of political support and national-level initiatives [10] . Unlike other European countries, there are no financially mitigating conditions for green energy users in Latvia. However, there are periodically extensive discussions about the possibility of transferring electricity produced in households to the common electricity grid at more favourable procurement rates, thereby stimulating the use of solar technologies in Latvia. In Latvia, there is no political will to actively stimulate the use of renewable energy assets.
The number of permits issued by the Ministry of Economics for the installation of solar panels from 2015 to January 2018 was 333 licences, i.e. 83 in 2015, 85 in 2016 and 157 in 2017 [9] , so it can be seen that the popularity of this technology in Latvia has increased in recent years. Latvia is also home to one of the first and largest solar power plants in the Baltic Environmental and Climate Technologies ____________________________________________________________________________ 2019 / 23 249 countries. It is the 216-panel and 42-kilowatt-powered "Sunshine Gardens" ("Saules Darzs") in Salacgriva, the Dune Manor Minhauzen Museum in Dunte, where since 2012 the electricity-powered power plant supplies the museum's information centre and adjacent pub with electricity, but the electricity surplus enters the JSC "Sadales Tikls" (distribution network) [11] . On average, the Dunte power plant is capable of producing 45 MWh per year and, as a result, the amount of CO2 emissions in the atmosphere has decreased by 23.03 tonnes, which is important for reducing CO2 emissions in Latvia [12] . Currently, only two centralised heating companies in Latvia have installed solar power panels ("Salaspils Siltums", Ltd. "Jurmalas Siltums"). When planning the total capacity of the solar power panels, the main condition is that panel performance does not exceed the company's electricity self-consumption. On the roof of "Salaspils Siltums" building there are 86 solar panels with a total capacity of 25 kW and a total active area of 137.6 m 2 . Solar panels were installed in August 2017. In 2018, 26.32 MWh were produced.
LEGISLATION OF RENEWABLE SOLAR ENERGY USE IN DISTRICT HEATING SYSTEMS
The European Union has set targets for reducing greenhouse gas emissions for certain economic sectors. To prevent dangerous climate change, within the framework of the Paris Climate Agreement, EU leaders have agreed on EU binding targets to reduce greenhouse gas emissions by at least 40 % by 2030 compared to 1990 levels. In November 2018, the European Commission presented a strategic long-term vision for a climate-neutral economy by 2050, mentioning 8 possible development scenarios. EU leaders adopted the strategy at their European Council meeting in May 2019. The European Parliament voted on its recommendations for the strategy on 14 March 2019 [13] . Latvian companies will be forced to take part in addressing the challenges of change by using more environmentally friendly technologies and consumer behaviour should be taken into account [14] . District heating offers the most effective way to enhance the efficiency of primary energy use, increasing the share of renewable energy consumption and decreasing the amount of CO2 emissions [15] .
Strategic policy documents "Energy Development Guidelines for 2016-2020" [16] with "Long-term Energy Strategy for Latvia 2030 -Competitive Energy for Society" outline the long-term development trends of the energy sector. The guidelines describe actions, considering the following climate and energy policy objectives set by the European Council in March 2007 and to be achieved by the European Union (EU) by 2020:
− 20 % reduction in greenhouse gas (GHG) emissions compared to 1990 levels; − Increasing the share of renewable energy in total consumption to 20 %; − Increase energy efficiency by 20 %. Financing from the national or local government budget, EU funds, the Connecting Europe Facility, as well as from capital companies is envisaged for the implementation of the measures included in the Guidelines for the year 2020. The documents describe the financial instruments for implementing energy development guidelines, but in reality, the situation is a bit different. Primarily the producer of thermal energy is regulated by the Law on Energy and the Law "On Public Utilities Regulators", as well as the Law on the Management of Capital Shares and Capital Companies of a Public Person, if the heat producer is a corporation. The bureaucratic process is so complicated and lengthy that document management, often for the purpose of acquiring EU funds, takes longer than the actual implementation of a project. 
SOLAR INTEGRATION IN JURMALA MUNICIPALITY
The district heating company of Jurmala City Municipality provides heat production, including maintenance, supply and sale of boiler houses to residents, enterprises and municipal institutions. The Company manages 14 boiler houses, 12 natural gas boiler houses and two chips boiler houses with a total installed capacity for heat production of 88.03 MW, and in 2018 supplied heat energy to 349 objects in Jurmala. In order to reduce heat losses in production, the modernization and reconstruction of boiler houses is performed. Boiler houses are equipped with a modern remote control program that allows you to keep track of the operation of the boiler house from any place and adjust the parameters. Chip boiler house equipment and the most important assistant technologies are controlled with a remote control program that accumulates all information about processes and ensures their visualization. Visualization for a boiler operator facilitates monitoring of processes. On March 26 last year, the Jurmala City Municipality Heat Supply Company in the Ministry of Economics signed a voluntary agreement on improving energy efficiency. By signing such an agreement, the Jurmala City Municipality Heat Supply Company has set a target to achieve final energy consumption savings of 10 % of the amount of heat sold by the company over the last three years until the end of March 2023. Energy savings are designed to be achieved using different methods. One of the key tasks of the agreement is to promote the improvement of energy efficiency in Jurmala City Municipality heat supply company, but the most important goal of the voluntary agreement is to fulfil the goals set at the national level in the Energy Development Guidelines 2016-2020.
In addition, Ltd. "Jurmalas Siltums" is actively carrying out research on the possibilities of integrating other renewable energy resources in the Jurmala city heat supply company. Since 2018, the company has been active in the installation of a solar power plant with a nominal capacity of 30 kW on the roof of the boiler house at Slokas iela 47A.
After the installation of the solar power plant, Ltd. "Jurmalas Siltums" uses electricity from two sources in the internal electricity networksfrom the distribution network and from the solar plant. Both energy sources are interconnected through the Ltd. "Jurmalas Siltums" power network. Ltd. "Jurmalas Siltums" solar power plant generates electricity by synchronizing with JSC "Sadales Tikls" parameters and "Jurmalas Siltums" energy consumers can receive electricity simultaneously from two sources of energy, primarily using the energy produced by all solar panels, but if they are lacking, additionally from the "Sadales Tikls" electricity grid. Only in cases when consumption is less than that produced by solar panels, unused electricity flows into the "Sadales Tikls" grid and are accounted for as energy exports.
Thus, reducing energy imports from "Sadales Tikls", the cost of the company decreases and the value of the solar panel energy is equal to the total energy price from "Sadales Tikls" (electricity price + ST service charge + mandatory procurement component (OIK)) -0.09 EUR/kWh.
In turn, by transferring energy surplus to the "Sadales Tikls" network, the electricity trader buys it for the price of electricity (0.04 Eur/kWh). This means that the return on investment is considerably shorter if all the electricity produced is consumed at the same time. Installing a power plant that would exceed the minimum power consumption would result in a surplus of electricity that should be sold at a lower price and payback times increase. Therefore, when analysing the dynamics of electricity consumption, Jurmala has chosen to install a solar power plant with a capacity of 30 kW, which is close to, but does not exceed minimum electricity consumption (see Fig. 4 ). 
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METHODOLOGY GUIDE FOR THE IMPLEMENTATION OF THE SUN PANEL
The algorithm is divided into four blocks (see Fig. 5 ): the policy block; analytical block, documentation block, execution block.
Policy block: district heating is an energy sector regulated by the Government, and Governments, in turn, integrate regulations which are negotiated and agreed upon among EU countries within the EU, which include energy efficiency requirements, availability and environmentally friendly heat production. Each municipality organizes district heating in its administrative territory.
Block of analysis: considering the common state and European Union policies and objectives, the company conducts theoretical research on the possibilities of introducing renewable energy resources in a district heating company [17] .
Documentation block: when choosing the appropriate alternative, the company must make a decision about where the solar panels will be placed (roof or on the ground-level). If parts of the building supporting structure (roof, walls) are chosen as the place of project implementation, it is necessary to plan the development of a full technical project. Regardless of the chosen location of the project, it is necessary to order current topography of the area. In order to implement the project, a permit from the Ministry of Economics is required. At the same time, it is necessary to receive technical regulations from JSC "Sadales Tikls". JSC "Sadales Tikls" will not issue technical regulations if the company does not specify the responsible person for the electrical management with the appropriate qualifications (if there is no specialist, an outsourcing contract has to be concluded). When technical regulations and the permission of the Ministry of Economics have been approved, the project's development and procurement procedure can commence.
Execution block: signing contract for solar panel installation. Install solar panels. Preparation of documentation and operation of solar panels in cooperation with JSC "Sadales Tikls" and, if necessary, the municipal building board. Table 1 demonstrates that installing solar panels in a district heating company takes 10 -12 months. During this time, it is possible to implement the project if several activities are performed simultaneously.
SWOT ANALYSIS FOR INTEGRATION OF SOLAR PANELS INTO HEAT SUPPLY SYSTEM
SWOT analysis is the most commonly used method for analysing and positioning organizational resources and environment in four aspects: strengths, weaknesses, opportunities and threats [18] . Strengths and weaknesses are internal (controllable) factors Environmental and Climate Technologies ____________________________________________________________________________ 2019 / 23 254 that support and prevent organizations from achieving their mission and opportunities and threats are external (uncontrollable) factors that allow and disable organizations in their tasks [19] . By identifying factors in these four areas, an organization can recognize its key competencies in decision-making, planning and building strategies. Using the qualification level of the employees can benefit the process of reaching the set goals for the company Resources available to the company, as well as certificates and permits, make it easier to leverage EU funds and act to reduce the greenhouse effect
How to reduce or avoid threats? (S.T.)
Introduce the ISO 5001 Energy Management System with allows to react to changes and all interested parties according to "good management" practices Weaknesses: (W) Relatively week effect on the Government's regulatory act procedures and the process of regulation's adoption 100 % owned by the municipality Regulated related services and other interested party activities, no possibilities to affect other stakeholders
How market opportunities can help overcome weaknesses? (W.O.)
Using company engagement in associations, actively participate in the preparation of the relevant normative acts Fossil fuels can be reduced and RES can be implemented through EU funds
How to avoid threats and level out weaknesses? (W.T.)
Actively participate in discussions on regulatory changes Opportunities to offer new, innovative services and products Summarizing the SWOT analysis data for the policy block of the algorithm (see Table 2 ), it can be concluded that the company has several options that can be used, for example, use employee qualifications and experience, engage in policy planning through relevant associations, improve and analyse the business of the company with regard to planned policy documents, such as the introduction of the ISO 5001 energy management system. The resources available to the company, as well as certificates and permits, make it easier to attract EU co-financing. 
Increasing the cost of raw materials and high heat losses can have a significant impact on the company's operations, but can be offset by renewing technologies and introducing RES options Net turnover and decrease in population will cause the company losses Opportunities for offering new services and products
The SWOT analysis shows that the company can use its various strengths to mitigate its weaknesses, for example by improving existing infrastructure so that it can integrate RES to reduce fossil fuels, heat losses (see Table 3 ). An environmentally friendly and secure company will create the opportunity to attract new customers who will naturally improve the company's net turnover and reputation. By actively participating in the use of EU funds, it is possible to replace gas-fired houses with biomass boiler houses. Selling surplus emission allowances during the planning period allows a large part of the electricity used in the company to be produced by solar photovoltaic panels. Using qualification levels of employees, it is possible to implement several stages simultaneously Resources available to the company, as well as certificates and permits, and collaboration allow you to get the required permissions faster
How to reduce or avoid threats? (S.T.)
As the fees and prices of the product and services can change it is important to timely promulgate procurement process and conduct market feasibility studies in related period of time
Weaknesses: (W)
Company is 100 % owned by the municipality Regulated services and activities that may interfere with the introduction of new technologies in the company
How market opportunities can help overcome weaknesses? (W.O.)
Submit procurement documentation and get permissions simultaneously
How to avoid threats and level out weaknesses? (W.T.)
Perform analysis and feasibility studies before project implementation
In the SWOT analysis in the Documentation Block (see Table 4 ) it became clear that the company has to carry out a deep feasibility study when starting the practical implementation of the project, the biggest risk is the municipality's refusal to implement the project, which the company can prevent by receiving the municipal permit already at the stage of the analytical block. Carry out analysis and feasibility studies before the implementation of the project, to invite experts in the field
In the SWOT analysis of the Execution Block (see Table 5 ), the authors of the work observed:
− To avoid the biggest risks in this part of the project, the company should provide necessary training for additional staff members or contract outsourcing companies; − The company has to carry out a deep feasibility study before starting practical implementation of the project; − Instructing specialists of JSC "Sadales Tikls" in the period of project execution, the company eliminates the threat of technical acceptance of equipment.
CONCLUSIONS
1. RES takes a relatively small part of total CHS thermal energy balance. According to national and regional objectives, a target is developed to increase the shares of RES to 60 % in local systems and to 30 % in CHS. Firstly, the procedure for implementing RES should be arranged and facilitated. Secondly, the use of solar energy, biomass and geothermal energy should be increased; 2. It is necessary to stimulate new customers to connect to efficient district heating systems, as well as to limit the installation of autonomous fossil heating systems in areas where CHS is available. Develop an efficient CHS infrastructure suitable for the use of all RES energy. Considering the national and EU-wide RES targets and the fact that fossil energy resources are widely used in Latvia for the production of thermal energy, in the medium term (up to 2020) the Government should apply the aid exception for this specific goal and provide direct, high-intensity support to district heating systems for the transition to RES. Also introduce requirements and support mechanisms to promote the use of RES technologies in new and renovated buildings to promote the integration of new RES systems into district heating systems; 3. As a matter of urgency, review and facilitate the bureaucratic burden for RES introduction in central heating companies. Identify new support programs for improving the energy efficiency of a district heating system and the use of local renewable energy resources (RES); 4. Summarizing the SWOT analysis data, it can be concluded that the company has several options that can be used, for example, using the level of skills and experience of the employees to engage in policy planning through relevant associations, developing and analysing the company's performance with regard to planned policy documents, for example, the introduction of the ISO 5001 energy management system. The resources available to the company, as well as certificates and permits, make it easier to attract EU funds for co-financing, which facilitates the adaptation of infrastructure to the use of renewable energy resources.
